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Abstract Laminated veneer lumber joints made with metal 
plate connectors were protected with wood carbon phenolic 
spheres (CPS) sheeting and tested for creep under fire. The 
effects of the carbonizing temperature of charcoal, used 
as raw material for the CPS sheets, the thickness, and the 
location of the sheet on the joint regarding the fire- 
resistance performance of the joint were studied. The time 
to rupture of the joints covered with CPS sheets made from 
charcoal carbonized at 800°C (CPS800) was slightly pro¬ 
longed compared with that of uncovered joints. On the 
other hand, the time to rupture of CPS sheets made from 
charcoal carbonized at 1600°C (CPS1600) was markedly 
extended. The changes in the charcoal properties due to 
increasing the carbonizing temperature might be the main 
reason the CPS1600 sheets had higher fire-resistance per¬ 
formance. The thickness and location of CPS1600 sheets 
have significant effects on the fire resistance of the joint. A 
highly fire-resistant laminated veneer lumber joint was 
obtained using a CPS1600 sheet. The CPS1600 sheet with 
a thickness of 3 mm covering three sides of the joint pro¬ 
longed the time to rupture 16-fold compared with that of 
unprotected joints. 
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Introduction 

Fire resistance of timber joints has been attracting interest 
because the joint is considered a weak point in a structure 
when exposed to fire. 1 Some studies have been conducted 
to improve the fire performance of timber joints. 2 ' 5 The 
following are some examples. The fire performance of 
nailed gusset connections between glue-laminated timbers 
were improved to more than 1 h of fire protection when the 
connections were protected with solid wood or gypsum 
plasterboard. 2 Glue-laminated timber joints with metal 
joiners covered with mineral boards and ceramic liber blan¬ 
kets provided excellent fire protection. 3 The fire resistance 
of laminated veneer lumber (LVL) joints was improved 
when a drift pin joint with an insert-type steel gusset was 
applied. 4 

In our previous experiment, the time to rupture of a LVL 
joint with metal plate connectors protected with graphite 
phenolic spheres (GPS) sheets was six times longer com¬ 
pared with an unprotected joint, 6 and in our other experi¬ 
ment carbon phenolic spheres (CPS) were developed and 
anisotropy in thermal properties was clear. 7 A high ratio 
between horizontal and vertical directions of the molded 
CPS was observed in regard to thermal properties. These 
properties could be used for developing a new fire-retardant 
material for wood composites. 7 The use of materials based 
on wood charcoal to improve the fire properties of timber 
joint (especially LVL joints) has not been studied. 

The objective of this study was to improve the fire- 
resistant performance of LVL joints made with metal plate 
connectors protected with CPS sheeting that were subjected 
to the creep test under fire. In particular, the effects of the 
carbonizing temperature of char as a raw material for CPS, 
the thickness of the CPS sheet, and the location of the CPS 
sheet overlaid on the joint were evaluated in regard to the 
fire-resistant performance of LVL joints. 
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Materials and methods 

Materials and preparations 

Wood charcoal was prepared from sugi (Cryptomeria 
japonica D. Don). The wood was carbonized at tempera¬ 
tures of 800° and 1600°C. For the carbonization tem¬ 
perature of 800°C, wood powders were placed in a rotary 
kiln with a heating rate of 4°C/min and were kept at 
a constant 800°C for lh in nitrogen gas. For the carboniza¬ 
tion temperature of 1600°C, wood samples were pre¬ 
carbonized at 700°C and used as starting materials. Then 
they were carbonized in a high-temperature electric furnace 
(ShinMaywa, Japan) in a nitrogen gas atmosphere at a 
heating rate of 4°C/min and kept constant at 1600°C for 1 h. 
The chars were cooled to room temperature inside the fur¬ 
nace before being removed. All the chars were sieved with 
wire mesh screens of 0.5 mm to obtain a uniform size of 
chars. 

Carbon phenolic spheres sheets were made by mixing 
char powder with a phenol-formaldehyde resin and other 
materials with the composition as follows: char powders/ 
phenol resin/ceramic fiber/organic fiber/poly vinyl acetate 
55:20:19:4:2 (% w/w). The CPS sheets were hand-formed 
and molded with a hot press at 160°C for 1 min at a pressure 
of 2.5 MPa. The size of the sheet was 250 X 250 X 1 mm, and 
the density was about 0.41-0.45 g/cm 3 . The CPS sheets made 
from charcoal carbonized at 800°C and 1600°C hereafter 
are called CPS800 and CPS1600, respectively. 

The LVL and metal plate connector (gang nail) used 
were the same as in the previous experiment. 6 The average 
density of LVL was 0.59 g/cm 3 and the moisture content 
9%. Samples 800mm in length, 38mm in width (flatwise), 
and 50mm in height (edgewise) were cut into two 400-mm 
lengths. Metal plate connectors, gang nails of 18-gauge 
mild steel with a galvanized finish of 79 X 35 mm and 
1.14mm thick consisting of 20 teeth, were used to connect 
the LVL butt joint. The metal plate connector consisted of 
four rows and five columns with 12 long (14.4 mm) and 8 
short (11.0mm) nails. Two pieces of LVL, each 400mm in 
length, were joined with two metal plate connectors, one 
on each side (flatwise). These connectors were pressed 
manually by a hydraulic press at a pressure of 4.9 MPa for 
about 3 s. 

The CPS sheet was overlaid on the LVL joint at the 
metal plate connectors or underneath the joint by hot press¬ 
ing at 160°C with a pressing time of lmin/mm at a pressure 
of 200 kPa. To ensure good bonding, the sheet was coated 
with phenol-formaldehyde resin (solid content 50%) in 
the amount of 70g/m 2 before being hot-pressed. The sizes of 
CPS sheet were 50 X 158mm at the sides of the joint or 38 
X 158 mm at the bottom. The CPS sheets were positioned in 
three ways: to cover both the sides and the bottom (three 
sides) of the joint, just the sides (two sides), or just the 
bottom (one side). 6 Thickness of the CPS sheet was varied 
at 1,2, or 3 mm. For locations on two sides only, 1-mm-thick 
CPS sheet was tested. 


Creep test under lire 

The procedure of creep under fire test was the same as 
described in previous papers. 6,8 The sample size was 800 X 
50 X 38 mm. Each sample was set with a span of 750 mm. 
Because the LVL samples were taken from the same lot as 
in the previous experiment, 6 10% of the maximum load (i.e., 
a load of 200N) was applied for each sample. The joint was 
exposed to lire from a burner with a flame length of 65 mm 
and top flame temperature of 800°-850°C. Thermocouples 
were inserted into the butt joint to measure the temperature 
and were connected to a data logger to record the changes 
in temperature during the test. These thermocouples were 
located at the inside center in the joint by drilling a small 
hole at a center point between the metal plate connector 
and LVL. Deflections of the samples were measured using a 
dial gauge and recorded manually. The time to rupture was 
recorded for each sample. Two replications were tested for 
each condition. Thermograph analysis was also carried out 
as described in a previous study. 6 

Measurement thermal properties of the CPS sheet 

The thermal properties of the CPS sheets (CPS800 and 
CPS 1600) were measured using a laser flash thermal ana¬ 
lyzer (Ulvac Shinku-Riko TC-7000, Japan) in accordance 
with JIS R 1611. 9 Measurements were conducted at room 
temperature in two directions (i.e., horizontal and vertical). 
Thermal diffusivity and heat capacity were measured, and 
thermal conductivity was calculated. 


Results and discussion 

The effects of the carbonizing temperature of CPS sheet 
on the fire resistance of LVL joints 

Table 1 shows the time to rupture of LVL joints covered 
with CPS800 and CPS1600 sheets from the creep test under 
lire (GPS sheet was included as a reference). The times to 
rupture of the LVL joint covered with CPS sheet were 
compared with those of uncovered joints (control) and were 
expressed as a ratio to the control. It was shown that using 
CPS800 sheets with thicknesses of 1 and 2 mm covering the 
bottom of the joint (one side), the time to rupture was 
almost the same as that of the control. A slight improve¬ 
ment was obtained when 3-mm-thick sheet was used to 
cover the bottom of the joint. The CPS800 sheet covering 
two sides also slightly improved the time to rupture. When 
the joint was covered on three sides, increased sheet thick¬ 
ness resulted in almost the same time to rupture. Thus, the 
effect of CPS800 sheets on the fire-resistance performance 
of LVL joints was not marked. 

In contrast, covering the joints with CPS1600 sheets had 
a marked effect on the fire-resistance performance of LVL 
joints, as indicated by the significantly extended time to 
rupture compared with that of the uncovered joint (Table 
1). Increasing the thickness of the CPS1600 sheet increased 
the time to rupture both when the sheets were applied at the 
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Table 1. Time to rupture of LVL joint covered with CPS800 and CPS1600 sheets 


Material 

CPS800 sheet 

CPS1600 sheet 

GPS sheet 3 

Time to 
rupture b 
(min) 

Ratio to 
control 0 

Time to 
rupture b 
(min) 

Ratio to 
control 0 

Ratio to 
control 0 

One side thickness 1 mm 

48.86 

1.05 

140.08 

3.00 

3.05 

One side thickness 2 mm 

50.18 

1.08 

386.01 

8.28 

- 

One side thickness 3 mm 

80.54 

1.73 

557.87 

11.97 

- 

Two sides thickness 1 mm 

74.00 

1.59 

84.35 

1.81 

1.89 

Three sides thickness 1 mm 

77.65 

1.67 

303.98 

6.52 

6.56 

Three sides thickness 2 mm 

78.68 

1.69 

492.93 

10.57 

- 

Three sides thickness 3 mm 

75.73 

1.62 

756.40 

16.22 

- 


LVL, laminated veneer lumber; CPS, carbon phenolic spheres; GPS, graphite phenolic spheres 
“Reference values from the previous study 6 

b A lower value from two replications of each condition is selected because the two values of each 
test are mostly very close 

‘The time to rupture of uncovered joint (control) is 46.62min 


bottom of the LVL joint (one side) and on three sides. The 
location of the sheet on the joint affected the time to rup¬ 
ture. The three sides being covered produced the highest 
effect, followed by one side (at the bottom), and two sides 
(at the sides of joint). The increased times to rupture were 
significant compared to that of uncovered joints. For ex¬ 
ample, when 1-mm-thick CPS1600 sheet was applied at the 
bottom, the time to rupture increased 3-fold, whereas with 
3-mm-thick sheet it increased almost 12-fold. The largest 
increase in the time to rupture occurred when three sides 
were covered with a thickness of 3 mm (i.e., more than 
16-fold that of control). If we compared these results with 
those using GPS sheet as a reference, at the same thickness 
and position of the sheet on the joint the time to rupture 
with the CPS1600 sheet were comparable to those of the 
GPS sheet (Table 1). 

Possible reasons why the CPS1600 sheet is more resis¬ 
tance to fire than the CPS800 sheet are thought to be the 
following. In general, the properties of wood char are 
affected by the carbonization temperature. 10-13 Particularly, 
the thermal properties of molded CPS, such as thermal 
diffusivity and thermal conductivity, increase with increas¬ 
ing carbonizing temperature of the char as raw material in 
the horizontal direction. In the vertical direction, thermal 
diffusivity increases but thermal conductivity only slightly 
increases with increasing carbonization temperature. 7 From 
the viewpoint of wood charcoal as the raw materials of the 
CPS sheet, the CPS1600 sheet has higher values of thermal 
diffusivity and thermal conductivity than does the CPS800 
sheet. The results of measuring the thermal properties of 
CPS sheets showed that the thermal diffusivity and thermal 
conductivity values for CPS 1600 sheets are higher than 
those of CPS800 sheets (Table 2). With higher thermal 
property values, the CPS1600 sheet is more resistant to 
fire than the CPS800 sheet owing to the higher thermal 
anisotropy ratio of the CPS1600 sheet. 

The microstructure of char was changed with increasing 
carbonization temperature. 12 When charcoal is carbonized 
at 800°C, its crystalline structure is random. The graphite 
crystalline structure that layers along the thickness begins to 
appear at 1300°C with distorted layers; the straightness of 


Table 2. Thermal properties of CPS sheets 


Properties 

CPS800 sheet 

CPS1600 sheet 

Density (g/cm 3 ) 

0.45 

0.41 

Thermal diffusivity (enr/s) 

Vertical 

0.0033 

0.0046 

Horizontal 

0.0144 

0.0225 

Heat capacity (J/g/K) 

2.1891 

1.7042 

Thermal conductivity (W/cm/K) 

Vertical 

0.0032 

0.0032 

Horizontal 

0.0142 

0.0157 


the layers gradually improves at 1600°C-1800°C, and the 
layers finally become stiff and straight at 2100°C. 12 When 
the crystalline structure is layered randomly (800°C), heat 
easily penetrates; on the other hand, when it layers along 
the thickness (1600°C), heat penetration is inhibited. There¬ 
fore, CPS1600 sheets that have a graphite-like structure are 
more resistant to fire than the CPS800 sheets. 

Another fact about the oxygen index values of charcoal 
when used as the raw material of CPS sheets supports this 
presumption. The oxygen index is a measure of the resis¬ 
tance of the material to be burned: the larger its value, 
the more resistance there is to being burned. 14 The index is 
determined by the oxygen index test. The oxygen index of 
sugi charcoal carbonized at 800°C is 25, and that of charcoal 
carbonized at 1600°C is 55. 10 The oxygen index of wood is 
about 22. 14 Here, when wood was carbonized at 800°C, the 
oxygen index only slightly increased compared to that of 
wood; on the other hand, when the wood was carbonized 
at 1600°C, the index more than doubled. Because the CPS 
sheets contains 55% charcoal, the CPS800 sheet with the 
raw material from charcoal carbonized at 800°C was ex¬ 
pected to be more flammable than CPS1600 sheet, made 
from raw material that came from charcoal carbonized at 
1600°C. 

The carbon content of wood charcoal increases with in¬ 
creasing carbonization temperature. 11 The carbon content 
(measured with a CHNS/O analyzer) of sugi charcoal car¬ 
bonized at 800°C is 85.55%, and that of charcoal carbonized 
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Fig. 1. Creep deflection of laminated veneer lumber (LVL) joints cov¬ 
ered with carbon phenolic spheres (CPS) 1600 sheets. Cross, control; 
minus, two sides, 1 mm; open symbols, one side; filled symbols, three 
sides; diamonds, 1mm; square, 2 mm; circles, 3 mm 


at 1600°C is 88.60%. 11 The carbon content of wood is 
46.4%. 15 In the present experiment it can be assumed that 
the carbon content of CPS800 sheets is a little less than that 
of CPS1600 sheets because of the raw materials used. 

Deflection of LVL joint covered with CPS1600 sheet 
exposed to load and lire 

Because of the insignificant effect of the CPS800 sheets, 
further analysis on the effects of thickness and location of 
CPS sheet was done only on the CPS1600 sheet. The result 
of creep deflection of LVL joints covered with CPS1600 
sheet is presented in Fig. 1. It is shown that the CPS sheet 
delayed the deflection compared with the control. The 
effect of the location and thickness of the CPS sheet on 
creep deflection was highly significant. The uncovered joint 
burned quickly because the LVL was directly exposed to 
lire. When only the sides were covered, the deflection 


Fig. 2. Temperature rise at the 
LVL joint during the test as de¬ 
tected by thermocouples. Left 
graphs, at center; right graphs, 
between the metal plate connec¬ 
tor and the LVL 
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became slightly smaller. The least deflection was exhibited 
when three sides were covered by CPS sheets with the 
thickness of 3 mm, followed by one side covered with a 
thickness of 3 mm. 

Increasing the sheet thickness decreased the creep de¬ 
flection. Similar to the observation using GPS sheet, 6 the 
location of the CPS sheet at the joint affected the deflection 
of the LVL. When the sheet covered both sides of the joint, 
the flame directly burned at the bottom part of the joint. 
Therefore, the deflection occurred rapidly, showing a trend 
similar to the control (without CPS sheet covering). 

Temperature rise of the LVL joint covered with 
CPS1600 sheet 

The temperature rise of LVL joints covered with CPS1600 
sheets measured with thermocouples is presented in Fig. 2. 
The effects of the thickness and location of the sheet are 
significant in preventing the temperature from rising. At 
the center in the joint (Fig. 2, left) using 2- and 3-mm-thick 
sheets, the temperature remained below the critical tem¬ 
perature of 260°C during the test both when the joint was 
covered on three sides or at the bottom. When 1-mm thick- 
sheet was used on three sides or at the bottom, the tempera¬ 
ture at the center in the joint remained below 260°C for at 
least 90min. The temperatures in the center of joints cov¬ 
ered on three sides with 1-mm-thick sheet rose higher than 
those between the metal plate connector and the LVL be¬ 
cause a crack gradually developed on the bottom surface of 
the sheet during the test. Flame then gradually penetrated 
to the center of the joint, and the temperature rose. Tem¬ 
peratures rose quickly in joints without CPS sheets and in 
those covered on two sides because the LVL was directly 
exposed to the flame. 

The temperature rise at the center points between the 
metal plate connectors and the LVL (Fig. 2, right) behaved 
similar to the temperature at the center in the joint. How- 
ever, the temperature rose faster than that at the center 
of the joint at the beginning of the test. With 3-mm-thick 
CPS1600 sheet covering on the bottom, the temperature 
remained below 260°C throughout the test. 

The results of the thermographic analysis in this study 
were similar to those found in a previous study. 6 The pur¬ 
pose of the thermographic analysis was to clarify the im¬ 
provement in the fire performance of the joint covered with 
CPS sheet by observing the temperature change (transfer of 
heat) on the surface of the joint in real time. Because the 
results of the thermographic analysis exhibited a trend 
similar to that seen in a previous study, the results are 
not described in this paper. 


Conclusions 

The fire-resistance properties of laminated veneer lumber 
joint made with metal plate connectors were improved ow¬ 


ing to protection afforded by carbon phenolic spheres 
sheeting. A maximum time to rupture of 81 min was 
obtained using CPS800 sheets (joint was covered at the 
bottom with a thickness of 3 mm), whereas it took 756min 
when CPS1600 sheets were used (joint was covered on three 
sides with a thickness of 3 mm). The time to rupture for 
the unprotected joint was 47 min. The changes in thermal 
properties and crystalline structure orientation of charcoal 
as the raw material of CPS sheets are among the reasons 
CPS1600 sheets have a higher fire-resistance performance 
than CPS800 sheets. In this study the CPS sheets were ap¬ 
plied to small specimens; if the materials are to be used in a 
real, practical size, it is necessary to conduct a study on posts 
and beams. 
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